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SPECIFICATION 

1. Title of the Invention 

Writable/Erasable Semiconductor Memory Device 

2. Scope of Patent Claims 

(1) A semiconductor memory device comprising writeable/erasable memory transistors, 
wherein: 

a write circuit is provided with a circuit for selecting one writing voltage level torn a 
plurality of writing voltage levels that correspond to a plurality of data, and applying [said 
selected one writing voltage] to a memory transistor; and wherein 

a read circuit is provided with a comparator circuit that compares an output from a memory 
transistor to a plurality of reference levels, and provided with a circuit for determining data 
recorded in the memory transistor based on an output from the comparator circuit, so that 
multiple bits of data are stored in a single memory transistor. 

(2) A writeable/erasable semiconductor memory device as set forth in Claim 1, wherein said 
reference levels are stored at the same time as the data storage in memory transistors of the same 
type as the memory transistors for data storage. 

3. Detailed Explanation of the Invention 
(Field of Technology) 
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Japanese Unexamined Patent Application Publication H62-6493 (2) 

The present invention relates to writable/erasable semiconductor memory devices that use 
EPROMs or EEPROMs as memory transistors. 
(Prior Art) 

When EPROMs or EEPROMs are used as memory transistors, normally a single bit of data is 
stored in a single memory transistor. Because of this, there is a problem that memory chips 
become large when attempts are made to create semiconductor memory with a large capacity. 

On the other hand, in the field of maskd ROMs, there are those wherein the threshold values 
for the memory transistors are controlled to a plurality of levels so as to store multiple bits of 
data in a single memory transistor. However, the mechanism for writing in EPROMs and 
EEPROMs, and the like, is completely different, and the threshold values in EPROMs and 
EEPROMs have not been controlled to multiple levels. 
(Object) 

The object of the present invention is to provide a memory device that uses EPROMs or 
EEPROMs as memory transistors, wherein the degree of integration in the memory device is 
improved through storing multiple bits worth of data in a single memory transistor. 
(Constitution) 

The semiconductor memory device according to the present invention is provided with a 
memory transistor that can be written to and erased, wherein the write circuit thereof is provided 
with a circuit that selects, and applies to a memory transistor, one writing voltage level from 
among a plurality of different writing voltage levels, corresponding to a plurality of data, and 
wherein the readout circuit is provided with a comparator circuit for comparing the output from 
the memory transistor to a plurality of reference levels, and provided with a circuit for 
determining, based on the output of the comparator, the recorded data in the memory transistor, 
where multiple bits worth of data are stored in a single memory transistor. 

For the EPROM, a FAMOS-type device, or example, may be used, or for an EEPROM, a 
FAMOS-type or MNOS-type device, for example, may be used. 

The write characteristics of the EPROM or EEPROM are dependent on the writing voltage 
when writing (the control gate voltage and the drain voltage). Given this, changing the writing 
voltage makes it possible to record a plurality of bit data in a single memory transistor. 

An example of embodiment will be explained in detail below. 
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As one example, the case wherein two bits worth of data are written to a single memory 
transistor will be explained. 

The threshold value Vth after writing to an EPROM or EEPROM varies as shown in Fig. 1 
with the control gate voltage Vcg, that is the writing voltage. That is, the higher the voltage for 
the control gate voltage Vcg, the higher the voltage level of the threshold value Vth after writing. 

Fig. 2 illustrates the writing circuit part in an example of embodiment. 

2 is a memory transistor, where [such memory transistors] are arranged in the form of a 
array, and can be selected, when reading or writing, by an X and a Y decoder (not shown). 4 is a 
control gate voltage selecting circuit for selecting one of four different voltage levels: Vcgl, 
Vcg2, Vcg3, or Vcg4. 6 is a decoder into which two bits of data Dl and D2 are inputted, where 
one of the voltage levels is selected by the control gate voltage selecting circuit 4 by the output 
signal of this decoder 6 and applied as the control gate voltage of the memory transistor 2. The 
control gate voltage selecting circuit 4 and the decoder 6 together form a circuit that is capable of 
selecting, and applying to a memory transistor, one writing voltage from multiple writing 
voltages, corresponding to multiple data. 

Control gate voltages are selected as shown in the table below, for example, for the two bits 
of digital data Dl and D2: 



Data 


Control Gate Voltage 


Dl 


D2 


0 


0 


Vcgl 


0 


1 


Vcg2 


1 


0 


Vcg3 


1 


1 


Vcg4 



When it comes to the reading out of data that is stored in this way, it is possible to readout 
using the same readout circuit as in the case wherein multibit data is stored in a single memory 
transistor in a masked ROM. That is, for the threshold values Vth I, Vth2, Vth3 and Vth4 [for 
multibit data] recorded using the four different control gate voltages Vcgl, Vcg2, Vcg3 and 
Vcg4, the respective intermediate values Vrl, Vr2, and Vr3 are established as reference 
threshold voltages, and the memory threshold values for the memory transistors can be readout 
by comparisons thereto. (See Fig. 3.) 
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In the case of EPROMs or EEPROMs, the write level will change somewhat, albeit little, 
over time due to the storage characteristics of the write data, which is not the case for masked 
ROMs. Given this, the circuit shown in Fig. 4 is used as the readout circuit. 

In Fig. 4, 8-1, 8-2, and 8-3 are reference transistors for storing the reference voltages Vrl, 
Vr2, and Vr3, and use the same type of EPROMs or EEPROMs as the memory transistor 2. The 
same readout voltages are applied to the reference transistors 8-1, 8-2, and 8-3 as to the selected 
memory transistor 2. 

10-1, 10-2, and 10-3 are comparator circuits. The comparator circuit 1Q-1 inputs the output 
current of the memory transistor 2 and the output current of the reference transistor 8-1, 
comparator circuit 10-2 inputs the output current of the memory transistor 2 and the output 
current of the reference transistor 8-2, and the comparator circuit 10-3 inputs the output current 
of the memory transistor 2 and the output current of the reference transistor 8-3, and each 
[comparator circuit] convert to voltages. 

12 is an encoder that inputs the output signals of the comparators 10-1, 10-2, and 10-3, and 
outputs the 2-bit digital data Dl and D2. The encoder 12 corresponds to the circuit for 
determining the recorded data of the memory transistor . 

In storing the reference threshold value voltages Vrl, Vr2, and Vr3 in the reference 
transistors 8-1, 8-2, and 8-3, these voltages Vrl, Vr2, and Vr3 are set in advance using wafer 
processes or circuits, and the threshold voltages of the reference transistors 8-1, 8-2, and 8-3 are 
written to the same levels as the respective Vrl, Vr2, and Vr3. The writing of these reference 
threshold value voltages is performed at the same time as the writing of the data to the memory 
transistors 2. 

Given the present example of embodiment, the reference threshold value voltages Vrl , Vr2, 
and Vr3 are recorded in the reference transistors 8-1, 8-2, and 8-3, wherein changes over time 
will occur along with [those changes] in the memory transistors 2, thus making it possible to 
absorb the changes over time when reading out, making it possible to readout with stability. 

While in the example of embodiment, a decoder 6 was used in the write circuit, a multiplexer 
may be used instead of a decoder. 
(Effects) 
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The present invention makes it possible to record multibit data in a single memory transistor 
such as an EPROM or an EEPROM, thus making it possible to increase the density of the 
memory device and thus possible to increase the memory capacity of a chip of a given size. 
4. Simple Explanation of Drawings 

Fig. 1 is a diagram illustrating the relationship between the EPROM or EEPROM write 
control gate voltage and the threshold value after writing; Fig. 2 is a block diagram illustrating 
the write circuit block in a first example of embodiment; Fig. 3 is a figure illustrating the 
relationship between the threshold value after writing and the reference threshold value voltage; 
and Fig. 4 is a block diagram illustrating the readout circuit block in an example of embodiment. 
2: Memory transistor 
4: Control gate voltage selecting circuit 
6: Decoder 

8-1, 8-2, 8-3: Reference transistors 
10-1, 10-2, 10-3: Comparator circuits 
12: Encoder 

Agent: Patent Attorney NOGUCHI, Shigeo 
Fig.1 

[VERTICAL AXIS]: Threshold value after writing 
[HORIZONTAL AXIS]: Control gate voltage 

Fig. 2 

6: Decoder 

4: Control gate voltage selecting circuit 

2: Memory transistor 

Fig.3 

Fig. 4 

8-1 : Reference transistor 
2: Memory transistor 
12: Encoder 
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